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The present paper investigates the peristaltic motion of an incompressible non-Newtonian fluid with variable viscosity
through a porous medium in an inclined symmetric channel under the effect of the slip condition. A long wavelength
approximation is used in mathematical modeling. The system of the governing nonlinear partial differential equation
has been solved by using the regular perturbation method and the analytical solutions for velocity and pressure rise
have been obtained in the form of stream function. In the obtained solution expressions, the long wavelength and low
Reynolds number assumptions are utilized. The salient features of pumping and trapping phenomena are discussed
explicitly. The flow is investigated in a wave frame of reference moving with velocity of the wave. The features of the flow
characteristics are analyzed by plotting the graphs of various values of the physical parameters in detail.
KEYWORDS: non-Newtonian fluid, porous medium, nonlinear equations, regular perturbation, variable
viscosity, slip condition
1. INTRODUCTION
Peristaltic transport is a form of material transport in-
duced by a progressive wave of area contraction or ex-
pansion along the length of a distensible tube, mixing and
transporting the fluid in the direction of the wave prop-
agation. This phenomenon is known as peristalsis. The
importance of peristaltic flows of non-Newtonian viscous
fluids (Ellahi, 2009; Hameed and Nadeem, 2007; Tan and
Masuoka, 2005a, b, 2007; Mahomed and Hayat, 2007;
Fetecau and Fetecau, 2005; Malik et al., 2011; Dehghan
and Shakeri, 2009) has been recognized due to their ap-
plication such as urine transport from the kidney to the
bladder, chyme motion in the gastrointestinal tract, move-
ment of ovum in the female fallopian tube, vasomotion of
small blood vessels, transport of spermatozoa, and swal-
lowing food through the esophagus. These flows are ex-
tensively studied for different geometries by using various
assumptions such as large wavelength, small amplitude
ratio, small wave number, small Deborah number, low
Reynolds number and creeping flow, etc. Some relevant
studies on the topic can be found from the list of refer-
ences (Nadeem and Akbar, 2008, 2010) and several refer-
ences therein. Moreover, the study of fluid flows through
porous medium has gained much attention due to its prac-
tical applications; for instance, in some pathological sit-
uations, the distribution of fatty cholesterol and artery-
clogging blood clots in the lumen of coronary artery, the
human lung, bile duct, gall bladder with stones, and in
small blood vessels can be considered as equivalent to a
porous medium. Porous media are also used to transport
and store energy in many industrial applications, such as
heat pipe, solid matrix heat exchangers, electronic cool-
ing, chemical reactors, beach sand, sandstone, limestone,
wood, and rye bread (Vafai, 2011). Furthermore, it is well
known that the no-slip condition in polymeric liquids in
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NOMENCLATURE
Ai (i = 1,2,3) Greek Symbols
Rivlin–Ericksen tensors ai i material constants
d=dt material derivative  wave number
k permeability i, ei non-Newtonian parameters
S extra stress tensor  dynamic viscosity
V velocity vector d=dt  porosity
the presence of high molecular weight is not appropriate
at all and mostly fails in many problems like thin film
flow on multiple interfaces and rarefied fluid problems.
The slip condition not only plays an important role in
shear skin, spurt and hysteresis effects but is also equally
important in technological applications such as polishing
valves of artificial heart and internal cavities (Coleman et
al., 1996).
The purpose of the present investigation is to perform
a study which can describe the porosity and slip effects
on the non-Newtonian peristaltic flow of third order with
variable viscosity in an inclined symmetric channel si-
multaneously. The flow analysis is performed under the
assumption of a long wavelength approximation and low
Reynolds number. Analytical solutions for axial veloc-
ity and pressure gradient in terms of stream function are
derived for a small Deborah number by using a regular
perturbation method. At the end of the paper, the graph-
ical results against different physical parameters are also
presented and discussed. The paper is organized as fol-
lows. Section 2 and Section 3 contain the basic equations
and formulation of the problem, respectively. Solution of
the problem is given in Section 4. Section 5 is devoted to
results and discussion, and finally the conclusion is pre-
sented in Section 6.
2. BASIC EQUATIONS
The basic field equation governing the law of conser-
vation of momentum for non-Newtonian fluid through a
porous medium is given by

dV
dt
=  gradp+ divS   
k
V ; (1)
where  is the density, V is the velocity vector, k is the
permeability of the porous medium, p is pressure, and
d=dt denotes the material derivative. The fluid undergoes
only isochoric motion; therefore, the law of conservation
of mass is defined by
divV = 0: (2)
Due to the complexity of non-Newtonian fluids, there
is no single model which describes all properties of non-
Newtonian fluids; for instance, stress differences, shear
thinning or shear thickening, stress relaxation, elastic ef-
fects and memory effects, etc. Among the many models,
there is only a third-order model which can only explain
the shear thinning and shear thickening properties at the
same time even for steady and unidirectional flows. The
extra stress tensor S for non-Newtonian third-order fluid
can be written as (Yildirim and Sezer, 2010)
S = A1 + 1A2 + 2A
2
1 + 1A3 + 2
 
A2A1
+A1A2

+ 3

trA
2
1

A1; (3)
where  is the dynamic viscosity, 1, 2, 1, 2, and 3
are the material constants. The Rivlin–Ericksen tensors
are defined by
A1 =
 
gradV

+ grad
 
V
T
; (4)
An =
dAn 1
dt
+An 1
 
gradV

+ grad
 
V
T
An 1;
n  2: (5)
3. FORMULATION OF THE PROBLEM
Let us consider non-Newtonian third-order fluid with
variable viscosity through a porous medium in a uni-
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form channel having width 2a , inclined at an angle  to
the horizontal, filled with an incompressible viscous fluid
with variable viscosity. We assume an infinite wave train
travels with velocity c along the walls. The geometry of
the wall surface is mathematically described by
H(X; t) = a+ b cos

2

(X   ct)

: (6)
Here, b is the wave amplitude,  is the wave length,
and t is the time. The flow becomes steady in the wave
frame (x; y) moving with constant speed c away from
the fixed frame
 
X; Y

: If
 
U; V

and (u; v) are the ve-
locity components in fixed and wave frames, respectively,
then the relation between them is defined by the following
transformations:
x = X   ct; y = Y ; u = U   c; v = V : (7)
We render the governing equations dimensionless by set-
ting
x =
x

; y =
y
a
; u =
u
c
; v =
v
c
;
h =
H
a
; S =
a
0c
S(x);  (y) =
 (y)
0
(8)
To proceed further, when we nondimensionalize Eqs. (3)
and (6), the extra stress tensor and flow geometry in
nondimensional form can be written as
S = A1 + 1A2 + 2A
2
1 + "1A3 + "2 (A2A1 +A1A2)
+ "3
 
trA21

A1; (9)
h(x) = 1 +  cos 2x: (10)
Introducing the dimensionless stream function  (x; y)
such that
u =
@ 
@y
; v =  @ 
@x
: (11)
Invoking Eqs. (8)–(11) in the equations of momentum and
continuity, the dimensionless form of governing Eqs. (1)
and (2), after dropping bars for simplicity, leads to the
following nondimensional equations:
Re

@ 
@y
@
@x
  @ 
@x
@
@y

@ 
@y

=  @p
@x
+ 
@Sxx
@x
+
@Sxy
@y
  (y) 2

@ 
@y
+ 1

+
Re
Fr
sin
9>>>>>>=>>>>>>;
; (12)
Re3

 @ 
@y
@
@x
+
@ 
@x
@
@y

@ 
@x

=  @p
@y
+ 2
@Sxy
@x
+ 
@Syy
@y
+2 (y) 2
@ 
@x
  Re
Fr
cos
9>>>>>>=>>>>>>;
: (13)
The following dimensionless quantities are also obtained:
 =
a

; Re =
ca
0
; Fr =
c2
ga
; 2 =
a2
k
;
1 =
1c
0a
; 2 =
2c
0a
; "1 =
1c
2
0a2
; (14)
"2 =
2c
2
0a2
; "3 =
3c
2
0a2
;  =
b
a
:
where  is the dimensionless wave number, 2 is the
porosity parameter,  is the amplitude ratio or occlu-
sion, Re is the Reynolds number, and i(i = 1; 2), and
"i(i = 1; 2; 3) are non-Newtonian parameters. The com-
patibility equation which governs the flow in terms of the
stream function  (x; y) after eliminating the pressure
gradient from Eqs. (12) and (13) is
Re

@ 
@y
@
@x
  @ 
@x
@
@y

r2 

=

@2
@y2
 2 @
2
@x2

Sxy+
@2
@xy
(Sxx+Syy)
 2

@
@y

 (y)

@ 
@y
+ 1

  2 @
2 
@x2

9>>>>>>>=>>>>>>>;
: (15)
Under the long wavelength approximation and low
Reynolds number (Ebaid, 2008; Nadeem and Akbar,
2009), we obtain
@p
@x
=
@Sxy
@y
   (y) 2

@ 
@y
+ 1

+
Re
Fr
sin; (16)
@p
@y
= 0; (17)
Sxy =  (y)
@2 
@y2
+ 2 

@ 
@y
3
; (18)
in which   = "2 + "3 is the Deborah number. Equa-
tion (17) indicates that p 6= p (y). Thus, from Eq. (15)
we have
@2
@y2
 
 (y)
@2 
@y2
+ 2 

@ 
@y
3!
  2

@
@y


 (y)

@ 
@y
+ 1

  2 @
2 
@x2

= 0: (19)
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The boundary conditions in terms of stream function  
are defined as
 = 0;
@2 
@y2
= 0 at y = 0; (20)
 = F;
@ 
@y
+ Sxy =  1 at y = h(x); (21)
where  = l=a is a dimensionless slip parameter and time
mean  in the wave frame is defined as
 = F + 1: (22)
In order to seek the effect of variable viscosity on peri-
staltic flow, we let
 (y) = e y  1; (23)
which by Maclaurin’s series can be written as
 (y) = 1  y +O(2): (24)
The dimensionless pressure rise p is defined by
p =
1Z
0
dp
dx
dx: (25)
In order to solve the present problem, we expand the
flow quantities in a power series of the small Deborah
number   and small viscosity parameter  as follows:
 =  0 +   1 +   
F = F0 +  F1 +   
p = p0 +  p1 +   
9>=>; ; (26)
where
 0 =  00 +  01 +   
 1 =  10 +  11 +   
F0 = F00 + F01 +   
F1 = F10 + F11 +   
p0 = p00 + p01 +   
p1 = p10 + p11 +   
9>>>>>>>>>>=>>>>>>>>>>;
: (27)
When we substitute Eq. (26) into Eqs. (19)–(25) and
separate the terms of differential order in   and , we ob-
tain the following systems of partial differential equations
for the stream function and pressure gradients together
with boundary conditions:
Case I
@4 00
@y4
  2 @
2 00
@y2
= 0; (28)
dp00
dx
=
@3 00
@y3
  2

@ 00
@y
+ 1

+
Re
Fr
sin; (29)
along with the boundary conditions
 00 = 0 =
@2 00
@y2
at y = 0; (30)
 00=F00;
@ 00
@y
+
@2 00
@y2
= 1 on y=h: (31)
Case II
@4 01
@y4
  2 @
2 01
@y2
=
@2
@y2

y
@2 00
@y2

  2 @
@y

y
@2 00
@y2

; (32)
dp01
dx
=
@3 01
@y3
  2 @ 01
@y
+ 2y
@ 00
@y
  @
@y

y
@2 00
@y2

; (33)
with the corresponding boundary conditions
 01 = 0 =
@2 01
@y2
at y = 0; (34)
 01 = F01;
@ 01
@y
+ 
@2 01
@y2
= y
@2 00
@y2
at y = h: (35)
Case III
@4 10
@y4
 2 @
2 10
@y2
= 6 @
@y
"
@2 00
@y2
2
@3 00
@y3
#
; (36)
dp10
dx
=
@3 10
@y3
 2 @ 10
@y
+6

@2 00
@y2
2
@3 00
@y3
; (37)
subject to the boundary conditions
 10 = 0 =
@2 10
@y2
at y = 0; (38)
 10 = F10;
@ 10
@y
+ 
@2 10
@y2
+ 2

@2 00
@y2
3
= 0
at y = h; (39)
and so forth.
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4. SOLUTION OF THE PROBLEM
Solving the above sets of equations by regular perturba-
tion method, we get
 =

Fy cosh[h] + y
 
1 + F2

 sinh [h]  (F + h) sinh [h]

h cosh[h] + ( 1 + h2) sinh [h]
+ [y (p1m1   p2m2)
+
(h sinh[y]  y sinh [h]) [p1m3 + p2m4]
h (h cosh[h] + ( 1 + h2) sinh [h])
+p1

2 cosh[y]  2  y sinh [y]
23

+p2

y22   2 cosh[y] + 2
24

+ 
2664yp31m5+(h sinh[y]  y sinh [h])p31m6h h cosh[h]
+
  1 + h2 sinh [h] 

+p31

sinh[3y]  12y cosh[y]
162

(40)
u =

F cosh[h] +
 
1 + F2

sinh [h]
  (F + h) cosh [y]

h cosh[h] + ( 1 + h2) sinh [h]
+p1m1   p2m2
+
(h cosh[y]  sinh [h]) [p1m3 + p2m4]
h (h cosh[h] + ( 1 + h2) sinh [h])
+p1

2 sinh[y]  y cosh [y]  sinh[y]
22

+p2

2y  2 sinh[y]
23

+ p31m5+
  (h cosh[y]  sinh [h]) p31m6
h
 
h cosh[h]
+
  1 + h2sinh[h] 
+ p31

3 cosh[3y]  12y sinh[y]  12 sinh
16

(41)
With the same contrast as given in the case of stream func-
tion, the expression of p for the following equation can be
easily obtained through the routine calculation:
dp
dx
=
  (F+h)3 (cosh[h]+ sinh [h])
h cosh[h]+( 1+h2) sinh [h]
+
Re
Fr
sin+ 

2 ( p1m1 + p2m2)
h
+
2 sinh [h] [p1m3+p2m4]
h (h cosh[h]+( 1+h2)h sinh [h])

+ 

  p
3
1
2m5
h
  
2 sinh [h] p31m6
h
  h cosh[h] +   1 + h2 sinh [h] 
(42)
where
p1=
(F + h)2
h cosh[h] + ( 1 + h2) sinh [h] ;
p2=
F cosh[h] +
 
1 + F2

sinh [h]
h cosh[h] + ( 1 + h2) sinh [h] ;
m1=
y (2  2 cosh[h] + h sinh [h])
2h3
;
m2 =
y2
 
2  2 cosh[h] + h2
2h4
m3=

h22 cosh [h]  2 + 2 cosh[h]
 2h sinh [h]  h23 sinh [h]

23
m4=

2  2h2   h22   2 cosh[h]
+2h sinh [h] + 2h cosh [h]

24
m5=
12h cosh[h]  sinh[3h]
162
m6=
0@3h cosh[3h] +  17h2   1 sinh[3h]  12h22+48h2
 sinh [h]  12h23 cosh[h]
1A
162
9>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>;
: (43)
5. CONCLUSION
In order to see the variation of parameters the graphical
results are included in this section. Figure 1 is the graph
of pressure rise P versus flow rate  for the case of .
It is found that  decreases with the increasing value of 
in the pumping region, while it increases with the increas-
ing  in both free pumping and copumping regions. The
variation of pressure rises P with  for different values
of   and  as depicted in Figs. 2 and 3. It is anticipated
Volume 16, Number 2, 2013
A
ut
ho
r P
ro
of
6 Khan, Ellahi, & Usman
FIG. 1: Pressure rise versus flow rate for   = 0:1, m =
0:8,  = 0:6,  = 0:3,  = 0:5, Fr = 0:2, and  = 0:1.
FIG. 2: Pressure rise versus flow rate for  = 0:2, m =
0:8,  = 0:3,  = 0:5, Fr = 0:2, and  = 0:1.
FIG. 3: Pressure rise versus flow rate for  = 0:2, m =
0:8,   = 0:05,  = 0:3,  = 0:5, Fr = 0:2, and  = 0:1.
that  decreases with increasing   and  in the pumping
region, while it increases with increasing   and  in both
free pumping and copumping regions. Figures 4 and 5 are
plotted for pressure rise P against flow rate for  and
. It is observed that  decreases with increasing  and
 in the pumping and free pumping regions, while it in-
creases with increasing  and  in the copumping region.
Figures 6 and 7 represent the graph of the pressure versus
. Figure 6 shows that with an increase in Fr the pump-
ing rate decreases in all the regions. It is observed from
Fig. 7 that the pressure rise increases in all the regions
with an increase in the inclination angle . The longitu-
dinal velocity u versus  has been plotted in Figs. 8–10.
Figures 8 and 9 show that the velocity at the center of
the channel and near the wall represents the opposite be-
FIG. 4: Pressure rise versus flow rate for  = 0:2, m =
0:8,  = 0:6,  = 0:3,  = 0:5, Fr = 0:2, and   = 0:05.
FIG. 5: Pressure rise versus flow rate for  = 0:2, m =
0:8,  = 0:6,   = 0:1,  = 0:5, Fr = 0:2, and  = 0:1.
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FIG. 6: Pressure rise versus flow rate for  = 0:2, m =
0:8,  = 0:6,  = 0:3,  = 0:5,   = 0:1, and  = 0:1.
FIG. 7: Pressure rise versus flow rate for  = 0:2, m =
0:8,  = 0:6,  = 0:3,   = 0:05, Fr = 0:2, and  = 0:1.
FIG. 8: Effect of   on velocity u when  = 0:04,  =
0:6, x = 1,  = 0:3,  = 1, and  = 0:7.
FIG. 9: Effect of  on velocity u when  = 0:04,  =
0:6, x = 1,  = 0:3,  = 1, and   = 0:02.
FIG. 10: Effect of  on velocity u when  = 0:04,  =
0:7, x = 1,  = 0:3,  = 1, and   = 0:02.
havior. Further, the velocity at the center of the channel
decreases with an increase in  and  . It is also observed
from Fig. 10 that the velocity profile decreases with an
increase in . Figures 11–13 examine the trapping phe-
nomenon. It is observed that the size of the trapped bolus
increases with an increase in ,  , and .
6. CONCLUDING REMARKS
The peristaltic flow of non-Newtonian fluid of third or-
der in a porous medium with the slip condition has been
studied under the assumptions of long wavelength and
low Reynolds number. The governing partial differential
equation subjected to their boundary condition has been
solved by using the regular perturbation method for small
Volume 16, Number 2, 2013
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FIG. 11: Stream lines for different values of  : (a)   =
0; (b)   = 0:02; and (c)   = 0:04 when  = 0:7,  =
0:3,  = 1, and  = 0:6 are fixed. Left panels are for
 = 0 and right panels are for  = 0:04.
FIG. 12: Stream lines for different values of : (a)  =
0:5; (b)  = 1; and (c)  = 1:5, when  = 0:6,  = 0:3,
 = 1, and   = 0:02 are fixed. Left panels are for  = 0
and right panels are for  = 0:04.
FIG. 13: Stream lines for different values of : (a)  =
0:4; (b)  = 0:6; and (c)  = 0:8, when  = 0:7,  =
0:3,  = 1, and   = 0:02 are fixed. Left panels are for
 = 0 and right panels are for  = 0 and  = 0:04.
Deborah number. The expressions for velocity and pres-
sure rise are first obtained in term of stream function; then
the analysis has been discussed and presented graphically
for the pressure rise and longitudinal velocity. It is noted
that an increase in the slip parameter decreases the peri-
staltic pumping region, whereas the size of the trapped bo-
lus decreases by increasing the slip parameter. Moreover,
the trapped bolus increases by increasing the porosity pa-
rameter and Deborah number. The results obtained in this
paper not only reveal many interesting behaviors for fur-
ther study on the non-Newtonian nanofluid phenomena
but will also be a great source to provide a benchmark in
numerical investigations in the future.
ACKNOWLEDGMENTS
R. Ellahi thanks the Ministry of Science and Technol-
ogy Pakistan (PCST) for honoring him with the Produc-
tive Scientist Award for the year 2011. R. Ellahi is also
grateful to the Higher Education Commission Pakistan for
awarding him with NRPU.
Journal of Porous Media
A
ut
ho
r P
ro
of
The Effects of Variable Viscosity on the Peristaltic Flow 9
REFERENCES
Coleman, B. D., Markovitz, H., and Noll, W., Viscometer flows
of non-Newtonian fluid, Springer Verlag, Berlin, 1996.
Dehghan, M. and Shakeri, M., The numerical solution of second
Painleve´ equation, Numer. Methods Partial Differ. Equ., vol.
25, pp. 1238–1259, 2009.
Ebaid, A., Effects of magnetic field and wall slip conditions on
the peristaltic transport of a Newtonian fluid in an asymmetric
channel, Phys. Lett. A, vol. 372, pp. 4586–4591, 2008.
Ellahi, R., Steady and Unsteady Flow for Newtonian and Non-
Newtonian Fluids: Basics, Concepts and Methods, VDM
Press, Saarbru¨cken, Germany, 2009.
Fetecau, C. and Fetecau, C., On some axial Couette flows of
non-Newtonian fluids, Z. Angew Math. Phys., vol. 56, pp.
1098–1106, 2005.
Hameed, M. and Nadeem, S., Unsteady MHD flow of a non-
Newtonian fluid on a porous plate, J. Math. Anal. Appl., vol.
325, pp. 724–733, 2007.
Mahomed, F. M. and Hayat, T., Note on an exact solution for
the pipe flow of a third grade fluid, Acta Mech., vol. 190, pp.
233–236, 2007.
Malik, M. Y., Hussain, A., and Nadeem, S., Flow of a Jeffrey-six
constant fluid between coaxial cylinders with heat transfer,
Commun. Theor. Phys., vol. 56, pp. 345–351, 2011.
Nadeem, S. and Akbar, N. S., Effect of heat transfer on the peri-
staltic transport of MHD Newtonian fluid with variable vis-
cosity: application of Adomian decomposition method, Com-
mun. Nonlinear Sci. Numer. Simul., vol. 14, pp. 3844–3855,
2008.
Nadeem, S. and Akbar, N. S., Series solutions for the peristaltic
flow of a Tangent hyperbolic fluid in a uniform inclined tube,
Z. Naturforsch., vol. 65a, pp. 887–895, 2010.
Nadeem, S. and Akbar, N. S., Influence of heat transfer of
Herschel-Bulkley fluid in a non-uniform inclined tube, Com-
mun. Nonlinear Sci. Numer. Simul., vol. 14, pp. 4100–4113,
2009.
Tan, W. C. and Masuoka, T., Stokes’ first problem for a second
grade fluid in a porous half space with heated boundary, Int.
J. Non-Linear Mech., vol. 40, pp. 512–522, 2005a.
Tan, W. C. and Masuoka, T., Stokes first problem for an
Oldroyd-B fluid in a porous half space, Phys. Fluids, vol. 17,
pp. 023101–023107, 2005b.
Tan, W. C. and Masuoka, T., Stability analysis of a Maxwell
fluid in a porous medium heated from below, Phys. Lett. A,
vol. 360, pp. 454–460, 2007.
Vafai, K., Porous Media: Applications in Biological Systems
and Biotechnology, Taylor & Francis, 2011.
Yildirim, A. and Sezer, S. A., Effects of partial slip on the peri-
staltic flow of a MHD Newtonian fluid in an asymmetric
channel, Math. Comput. Model, vol. 52, pp. 618–625, 2010.
Volume 16, Number 2, 2013
A
ut
ho
r P
r
f
begell house, inc. 
Journal Production  Article Reference #:    JPM‐2233 
50 Cross Highway  Date Proof Sent: December 21, 2012  
Redding, CT 06896    Total Pages: 9 
Phone: 1‐203‐938‐1300 
Fax:       1‐203‐938‐1304 
Begell House Production Contact :   journals@begellhouse.com         
       Journal: Journal of Porous Media             Year:  2013        Volume:     16            
 
Article Title: The Effects of Variable Viscosity on the Peristaltic Flow of Non‐Newtonian Fluid through a 
Porous Medium in an Inclined Channel with Slip Boundary Conditions 
 
Dear R. Ellahi: 
 
Please review the attached PDF file which contains the author proof of your article. 
This is your only opportunity to review the editing, typesetting, figure placement, and correctness of text, 
tables, and figures. Answer copyeditor’s queries in the margin. Failure to answer queries will result in the 
delay of publication of your article, so please make sure they are all adequately addressed. You will not 
be charged for any corrections to editorial or typesetting errors; however, you will be billed at the rate 
of $25 per hour of production time for rewriting, rewording, or otherwise revising the article from the 
version accepted for publication (“author’s alterations”); any such charges will be invoiced and must 
be paid before the article is published. 
Please return your corrections in one of the following ways: (1) Clearly mark your corrections on the page 
proofs and upload  the corrected  file or  indicate your corrections  in a  list, specifying  the  location of  the 
respective revisions as precisely as possible. If you wish to order offprints (see form below) please fill out 
and upload  the form onto  the submission site with your corrections. After uploading all files please be 
sure to click on the submit button so that we will be able to access your revisions. 
Please read the instructions carefully and if possible email your corrections to me within 48 hours (not 
including weekends). If you need more time, please let me know at your earliest convenience. No article 
will be published without confirmation of the author’s review.  If we do not hear from you within the 
allotted time, we will be happy to hold your article for a future issue, to give you more time to make your 
corrections. 
Below  is  a  form  for  ordering  offprints,  issues,  or  a  subscription.  As  corresponding  author,  you  will 
receive a complimentary copy of this issue. If you wish to order extra issues or offprints, please fill in the 
appropriate areas and submit with your corrections. 
Thank you for your assistance, and please reference JPM‐2233 in all your correspondence.  
 
Sincerely, 
 
 
Production Department 
Begell House, Inc. 
begell house, inc. 
JOURNAL PRODUCTION DEPARTMENT 
50 Cross Highway 
Redding, Connecticut 06896 
203-938-1300  (Phone) 
203-938-1304  (Fax) 
journals@begellhouse.com  
Journal Name: 
Volume/Article #: 
    Article Title: 
Journal of Porous Media 
  
Volume 16/ Article # 2233 
The Effects of Variable Viscosity on the 
Peristaltic Flow of Non‐Newtonian Fluid 
through a Porous Medium in an Inclined 
Channel with Slip Boundary Conditions 
   
                    
BILL TO: SHIP TO: 
 
 
Dear R. Ellahi 
 
As corresponding author, you will receive a complimentary copy of this issue. Please use the order form below to 
order additional material and/or indicate your willingness to pay for color printing of figures (if applicable).  
To purchase individual subscriptions or a personal copy of your article, please go to www.begellhouse.com  
Allow approximately 3 weeks, from receipt of your page proofs, for the issue to be posted to our website.  For 
institutional pricing on PDF files contact Meghan Rohrmann at 1-203-938-1300 or  meghan@begellhouse.com.  
If placing an order, this form and your method of payment must be returned with your corrected page proofs.  
Please include cost of shipment as indicated below; checks should be made payable to Begell House, Inc., and 
mailed to the above address. If a purchase order is required, it may arrive separately to avoid delaying the return of 
the corrected proofs. 
OFFPRINTS OF ARTICLE* WIRE TRANSFER 
 PAGE COUNT OF ARTICLE 
 (round off to highest multiple of 8) 
Bank:                         Valley National Bank 
Routing #:                  0 2600 6 790 
           Account #:                 07 011343 
           Swit Code:                 MBNY US 33 
CREDIT CARD PAYMENT 
CREDIT CARD # _____________________________________ 
NAME ON CREDIT CARD _____________________________ 
QTY. 4 8 16 24 32 
  25   72 115 151 187 223 
  50   84 127 163 199 236 
100  108 193 254 314 375 
200 156 327 435 544 652 
300 205 459 616 773 930 
 *If your page count or quantity amount is not listed please 
  email a request for prices to journals@begellhouse.com 
Black and White Offprints:  Prices are quoted above  
Offprint Color Pages: Add $3 per color page times the 
quantity of  offprints ordered  
Shipping: Add 20% to black and  white charge  
AMEX/ VISA/MC/ DISC/ EURO/ ________  EXP. __________ 
OTHER: _____________________________________________ 
CORPORATE PURCHASE ORDER 
P. O. # _______________________________________ 
PAYMENT BY CHECK 
INCLUDE THE FOLLOWING INFO ON YOUR CHECK: 
Article Reference # and Offprints/Color/Subscription 
Make checks payable to Begell House, Inc. 
Offprint Qty:  __________   $ ____________ 
Color Pages for Offprints:   $ ____________ 
Shipping Charges:               $ ____________ 
COST FOR COLOR PAGES PRINTED IN JOURNAL 
Price Per Color Pg.:    $ ____________ 
Number of Color Pages: ____________  
Total Cost for Color Pages in Journal: $_______  
COPY OF JOURNAL ISSUE (AUTHOR  DISCOUNT) 
Price Per Copy:  $             Number of Copies:_____ 
Total Cost for Copies: $: ________ 
SUBSCRIPTION — 2013 
Institutional Subscription$          * 12 Issues Per Year *Add $10.00 for shipments outside the United  States 
REVISED 3-8-09 
